Cervical total disk arthroplasty has proven to be an effective and safe alternative for anterior cervical diskectomy and fusion (ACDF) for the treatment of cervical disk degenerative disease. However, whether and when cervical disk arthroplasty is indicated for preoperative cervical spine kyphosis is unclear. In the authors' clinical experiences, preoperative kyphosis can generally be divided into reducible and irreducible forms according to the results of dynamic flexion-extension lateral radiographs. Reducible kyphosis is mostly related to local disk prolapse, clinical symptoms, and musculature weakness, but irreducible kyphosis is always associated with significant cervical degeneration or congenital bone malformation. In this study, 32 patients with preoperative reducible kyphosis were randomized in a 1:1 ratio to either single-level total cervical arthroplasty with the Discover cervical disk prosthesis (DePuy Spine, Raynham, Massachusetts) (arthroplasty group) or single-level ACDF with a polyetheretherketone cage and plate (ACDF group). No significant differences existed in clinical and radiological results at 2-year follow-up between the arthroplasty and ACDF groups. The global and functional spinal unit angles of the arthroplasty group were significantly lower than those of the ACDF group 6 months postoperatively, which was consistent with the result of the comparison in Neck Disability Index score. However, the sagittal alignment of the overall cervical spine and the treated segment and the Neck Disability Index score significantly improved after 6 months in the arthroplasty group but not in the ACDF group. Therefore, preoperative reducible kyphosis is not a contraindication for cervical total disk arthroplasty. However, neck strength-building exercises should be emphasized for the postoperative rehabilitation after cervical total disk arthroplasty.
S
ince anterior cervical diskectomy and fusion (ACDF) was introduced in the 1950s by Smith and Robinson 1 and Cloward, 2 it has been a well established and commonly performed procedure for cervical degenerative disk disorders. 3 Over the past 10 years, cervical total disk arthroplasty has emerged as a nonfusion technology indicated for reconstruction following anterior cervical diskectomy in patients with cervical degenerative disk disorders. Clinical studies comparing cervical total disk arthroplasty with anterior cervical diskectomy and fusion (ACDF) have suggested that arthroplasty is comparable with fusion in terms of relief of clinical symptoms in the short term. [4] [5] [6] [7] [8] [9] Furthermore, cervical total disk arthroplasty may reduce the incidence of adjacent segment diseases by preserving operative level motion and overall cervical kinematics in long-term follow-up. 10 However, surgeons tend to perform ACDF on patients with preoperative kyphosis because restoration and maintenance of cervical sagittal alignment is considered an important factor for long-term clinical results and ACDF has a well established record for such patients. [11] [12] [13] [14] Although several studies have reported correction of cervical kyphosis after total disk arthroplasty in some cases, whether and when total disk arthroplasty is indicated for preoperative kyphosis is unclear. In the authors' clinical experiences, preoperative kyphosis of the overall cervical spine can be generally divided into reducible and irreducible forms according to the results of dynamic flexionextension lateral radiographs. Reducible kyphosis is mostly related to local disk prolapse, clinical symptoms, and musculature weakness, but irreducible kyphosis is always associated with significant cervical degeneration or congenital bone malformation. Therefore, preoperative reducible kyphosis was assumed to not be a contraindication for total disk arthroplasty.
The Discover cervical artificial disk (Depuy Spine, Raynham, Massachusetts) is a new-generation nonconstrained artificial disk with a built-in 7.0° lordotic angle design, which is expected to allow restoration of cervical sagittal alignment. To investigate the effect of the Discover artificial disk in the correction of preoperative kyphosis and simultaneously confirm the hypothesis that preoperative reducible kyphosis was not a contraindication for total disk arthroplasty, the authors conducted a prospective randomized, controlled study between November 2008 and October 2010. The clinical and radiological outcomes of cervical disk arthroplasty of the Discover artificial disk vs the gold standard ACDF in the subgroup patients with preoperative reducible kyphosis were compared.
Materials and Methods

Patients
Thirty-two patients were followed prospectively in this study. Patients presented with single-level, symptomatic, cervical radiculopathy or myelopathy refractory to nonoperative interventions. Preoperative radiographs showed that kyphosis of the overall cervical spine (global C2-C7 angle less than 0°) on neutral lateral radiographs could spontaneously improve on dynamic flexion-extension lateral radiographs (global C2-C7 angle 0° or greater on the extension lateral radiograph). This condition was defined as reducible kyphosis. Patients who matched the inclusion criteria were randomized in a 1-to-1 ratio to either single-level cervical total disk arthroplasty with the Discover cervical disk (arthroplasty group) or single-level ACDF with a polyetheretherketone (PEEK; DePuy Spine, Raynham, Massachusetts) cage and plate (ACDF group).
The inclusion criteria for this study did not violate the current exclusion criteria for cervical total disk arthroplasty, including multilevel cervical disk disease, axial neck pain as a solitary symptom, significant cervical anatomic deformity, radiographic signs of instability (defined by translation on flexion-extension radiographs of 3 mm or more or 11° or more compared with the adjacent level), and severe spondylosis (defined by bridging osteophytes, loss of disk height greater than 50%, or absence of motion [less than 2°]). Patients with trauma, tumors, osteoporosis, active infections, and prior cervical spine surgery were excluded. No significant differences existed in age, sex, and level of involvement between the 2 groups. Other demographics, including smoking status and diabetes mellitus, were also comparable between the 2 groups (Table 1) . No patient in either group presented with disorders at other spinal regions.
Surgical Technique and Device
The surgical technique was similar in both groups to the point of interbody fusion and arthroplasty. A standard SmithRobinson approach was made to expose the symptomatic levels. After appropriate exposure and localization of the disk, diskectomy was performed. Local decompression was accomplished via resection of the osteophytes and the posterior longitudinal ligament, if necessary.
After decompression, the Discover artificial cervical disk was used following the manufacturer's instructions in the arthroplasty group. This device is a magnetic resonance imaging-compatible ball-andsocket design consisting of a superior and an inferior endplate made from titanium alloy. The inferior endplate is a two-piece design with an ultrahigh-molecular-weight polyethylene insert and features a spherical bearing surface between the titanium and ultrahigh-molecular-weight polyethylene. This bearing surface allows motion in all rotational directions (ie, flexion, extension, lateral bending, and axial rotation), thus accommodating the full physiologic range of motion (ROM). Each Discover disk has a built-in 7.0° lordotic angle, which is split evenly between the superior and inferior endplates. This design allows for the restoration of lordosis of the treated intervertebral segment. Postoperatively, patients in the arthroplasty group began neck strengthbuilding and flexibility exercises on postoperative day 1. They were also given a home exercise program at discharge. No major restrictions were imposed on regular activities of daily living postoperatively.
In the control group, a PEEK cage filled with local bone fragments from decompression was used for cervical restoration. All patients in the ACDF group underwent anterior cervical plating with a Slimloc Cervical Plate (DePuy Spine). Patients in the ACDF group wore soft neck collars for 4 weeks postoperatively.
Clinical and Radiological Evaluation
Routine follow-up examination included clinical and radiological evaluations. Clinical outcomes were assessed using the Japanese Orthopedic Association (JOA) score, visual analog scale (VAS), and Neck Disability Index (NDI). On the basis of the subjective symptoms, clinical signs, and activities of daily living, the severity of neurological deficits of all patients was scored according to the JOA score. Neck and arm pain relief were evaluated using the VAS score, and the NDI score was used to measure the neck function associated with activities of daily living. Lateral, flexion, and extension radiographs were obtained preoperatively and at each follow-up, with patients standing when clinically possible to ensure their natural anatomical position. The global angle of the cervical spine was calculated using Cobb's angle between the inferior margin of the C2 and C7 vertebral bodies on neutral lateral radiographs, and the functional spinal unit angle was formed by lines drawn at the superior margin of the superior vertebral body and at the inferior margin of inferior vertebral body ( Figure  1 ). Lordosis is shown as a positive value and kyphosis is shown as a negative value. Global ROM was measured by finding the difference in the global angle between the flexion and extension lateral radiographs, and the segmental ROM of the functional spinal unit was measured by finding the difference in the functional spinal unit angle.
Statistical Analysis
To correct the intra-and interobserver reliability of the radiological measurements, 3 experienced observers (Y.C., X.L., H.Y.) independently evaluated the radiographs. Each observer took measurements 3 times for each radiograph, and mean values were used for statistical analysis. 
Clinical Outcome
Mean preoperative JOA scores were 11.162. 8 Figure 2A ).
Mean preoperative VAS scores were 7.862.1 and 7.462.3 for the arthroplasty and the ACDF groups, respectively (P5.4285). Neck and arm pain was significantly relieved postoperatively in both groups. Mean VAS score of arthroplasty group significantly decreased 6 months postoperatively compared with preoperatively (2.361.0 vs 7.862.1; P,.001) and was 2.260.8 two years postoperatively. Mean VAS score for the ACDF group significantly increased 6 months postoperatively compared with preoperatively (1.960.9 vs 7.462.3; P,.001) and was 1.860.7 two years postoperatively. No significant differences existed in mean JOA score between the 2 groups at any time (Table 2, Figure 2B ).
Some differences existed in the change trend of the NDI score between the 2 groups. Mean NDI score of the arthroplasty group significantly decreased from 47.8616.3 preoperatively to 28.666.5 six months postoperatively (P,.001) and significantly decreased to 16.566.2 two years postoperatively (P,.001). Mean NDI score of the ACDF group significantly decreased from 45.2613.7 preoperatively to 21.467.4 six months postoperatively (P,.001), but only slightly decreased to 18.666.7 two years postoperatively. A significant difference existed between the 2 groups 6 months postoperatively (P5.0020) (Table 2, Figure 2C ). 
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Radiological Outcome
Mean global angle of the arthroplasty group was 26.8°613.4° preoperatively, 1.7°610.3° six months postoperatively, and 5.4°69.4° two years postoperatively. Mean global angle of the ACDF group was 26.2°612.4° preoperatively, 3.9°64.9° six months postoperatively, and 4.7°65.3° two years postoperatively. The improvement during early follow-up (0-6 months) was significant in both groups (P,.001), whereas only the arthroplasty group had a significant improvement during late follow-up (6-24 months). The difference between the 2 groups was only significant 6 months postoperatively (P,.001) (Table 3, Figure 3A ). In C2-C7 alignment, curvatures were defined as follows: severe kyphosis, global angle less than 210°; mild kyphosis, 210°<global angle,0°; and lordosis, global angle 0° or greater. The change in C2-C7 alignment postoperatively in both groups is shown in Figure 4A .
Mean functional spinal unit angle of the arthroplasty group was 23.2°65.2° Figure 3B ). In segmental alignment, curvatures were defined as follows: severe kyphosis: FSU angle less than 25°; mild kyphosis, 25°<global angle,0°; and lordosis, global angle 0° or greater. The changes in segmental alignment postoperatively in both groups are shown in Figure 4B . Mean global ROM of the arthroplasty group was 35.6°613.7° preoperatively, 44.4°610.2° six months postoperatively, and 51.6°611.3° two years postoperatively. Mean global ROM of the ACDF group was 37.8°611.2° preoperatively, 41.6°68.5° six months postoperatively, and 46.4°613.6° two years postoperatively. The increases during the early and late follow-up were significant (P,.001) in both groups. Mean global ROM of the arthroplasty group was better than that of the ACDF group, but the difference did not achieve statistical significance 2 years postoperatively (P5.0840) (Table 3, Figure 3C ).
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Mean functional spinal unit ROM of the arthroplasty group significantly increased from 4.3°62.8° preoperatively to 7.3°63.4° six months postoperatively (P,.001), and was maintained to 7.9°63.3° two years postoperatively. Mean functional spinal unit ROM of the ACDF group was 4.9°62.4° preoperatively without significant difference compared with the arthroplasty group but changed to 0° postoperatively because of fusion (Table 3, Figure 3D ).
Case report
A 34-year-old man sustained severe pain at the neck and left upper limbs, and numbness and weakness of the left hand was significant. Preoperative magnetic resonance images demonstrated a typical C4-C5 disk herniation ( Figure 5A ). Preoperative neutral and flexion-extension lateral radiographs showed a global angle of 210.5°, functional spinal unit angle of 212.9°, global ROM of 29.8°, and functional spinal unit ROM of 6.5° at baseline ( Figure 5B ). He underwent cervical arthroplasty.
Six months postoperatively, the patient's clinical symptoms were almost relieved. However, neutral and flexionextension lateral radiographs showed no significant improvement in cervical sagittal alignment and ROM at the early stage: global angle was 210.3°, functional spinal unit angle was 211.7°, global ROM was 32.6°, and functional spinal unit ROM was 6.8° ( Figure 5C ). The patient was required to do neck strength-building exercises. At 2-year follow-up, significant improvement was achieved in all radiological parameters: global angle was 11.8°, functional spinal unit angle was 3.9°, global ROM was 45.2°, and functional spinal unit ROM was 9.3° ( Figure  5D ). This patient shows a typical change trend of radiological parameters and the importance of neck strength-building exercises after cervical arthroplasty for the patients with preoperative kyphosis.
disCussion
Postoperative kyphosis has proven to be related to axial pain, poor functional recovery, and the development of adjacent segment disease after ACDF in many studies. [11] [12] [13] [14] Kawakami et al 12 reported that local kyphosis and narrowing of the neural foramen at the fused segment after ACDF were correlated with postoperative axial pain. Ozer et al 13 reported that patients who underwent simultaneous treatment of kyphosis 1 level above the cervical disk disease segment compared with no treatment of the kyphosis segment had improved clinical outcomes. In addition, Katsuura et al 14 reported that 43% of patients with clinical adjacent segment disease after ACDF had cervical kyphosis at the fused level. Although the clinical consequences of postoperative kyphosis after cervical arthroplasty remain unknown, the effect of the prosthesis on sagittal alignment of the treated level and the whole cervical spine must be considered. Many contributing factors have been studied for postoperative kyphosis after cervical total disk arthroplasty, including overmilling or asymmetric milling at the endplates, the angle and depth of insertion, preexisting kyphosis, and individual surgeon experience. [15] [16] [17] [18] [19] Among these factors, Yoon et al 18 reported a significant linear relationship between C2-C7 angle preoperatively and C2-C7 angle postoperatively. The same relationship was also reported by Walraevens et al, 19 and the authors suggested that proper patient selection can prevent this adverse outcome. Therefore, a question becomes whether patients with preoperative kyphosis are suitable for cervical total disk arthroplasty.
Cervical total disk arthroplasty was reported to be limited in maintaining and correcting sagittal alignment in the early studies, 20 but several recent studies have reported correction of cervical kyphosis after total disk arthroplasty in some patients.
9,21-24 Kim et al 23 reported that a preoperative kyphotic functional spinal unit resulted in a lordotic functional spinal unit in 13% of patients and that preoperative kyphotic overall cervical alignment resulted in postoperative lordosis in 33% of patients after Bryan disk (Medtronic Sofamor Danek, Memphis, Tennessee) arthroplasty. Anakwenze et al 24 reported that cervical arthroplasty using the semiconstrained prothesis Prodisc C (Synthes, Oberdorf, Switzerland) enabled a similar ability to restore sagittal alignment when compared with ACDF in patients without preoperative kyphosis. However, whether and when total disk arthroplasty can be indicated for preoperative kyphosis are not clear in the literature.
In the current authors' clinical experiences, preoperative kyphosis can be generally divided into reducible and irreducible forms according to the results of dynamic flexion-extension lateral radiographs. Reducible kyphosis is most related to local disk prolapse, patients' clinical symptoms, and musculature weaknesses, but irreducible kyphosis is always associated with significant cervical degeneration or congenital bone malformation. According to the current indication criteria for cervical total disk arthroplasty, preoperative reducible kyphosis should not be a contraindication, but the clinical and radiological results of cervical total disk arthroplasty have not been established in such patients.
No significant differences existed between the arthroplasty and the ACDF groups in the clinical and radiological results at 2-year follow-up, which should confirm the authors' indication for total disk arthroplasty in patients with preoperative reducible kyphosis. In addition, the Cobb's angles of the overall cervical spine and treated segment of the arthroplasty group were significantly lower than 
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